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(54) Matched filter bank CDMA communication 

(57) A matched fitter bank including a plurality of 
matched filters and a sampling and. holding units com- 
monly used by the total matched filters. Therefore, the 
circuit size is diminished. 

An inverting amplifier for the matched filter with a 
variable gain includes an input capacitance, an inverting 
amplifier connected to an output of the input capaci- 
tance, and a plurality of feedback capacitances con- 
nected between an input and output of the inverting 

Fig.1 



amplifier. A plurality, of switches are connected to input 
side of the feedback capacitances for alternatively con- 
necting the feedback capcitanec to the input of the 
inverting amplifier or a reference voltage. The feedback 
capacitances connected to the reference voltage are 
invalid with respect to a composite capacitance of the 
feedback capacitance and have no influence to the 
amplifier. 
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Description 

Detailed Description of the Invention 

5 Background of the Invention 
Field of the invention 

[0001] The present invention relates to a matched filter bank, particularly to a matched filter bank used in a signal 
w reception apparatus of a DS-CDMA cellular system. 



[0002] Recently, the direct sequence code division multiple access (DS-CDMA) cellular system attracts attention as 

15 the users of the land mobile communication increase, because the DS-CDMA system has large capacity. In the DS- 
CDMA system, at a transmitter side, the transmission data is modulated and then spreaded by a PN-code, and at a 
receiver side, the received signal is despread by the PN-code so that the transmission data is reproduced. A sliding cor- 
relator or a matched filter is used for the despread. The sliding correlator is small in circuit size but needs a long time 
for the correlation calculation. While, the matched filter is fast in correlation calculation but is rather big in circuit size. 

20 [0003] The conventional matched filter consists of a charge coupled device (CCD), a surface acoustic wave (SAW) 
device, or a digital circuit. A matched filter is proposed in Patent Publication Hei06-1 64320 by the inventors of the 
present invention, which consists of an analog circuit and is of high speed as well as low power consumption. The 
matched filter includes a sampling and holding circuit for holding a plurality of input analog signals as discrete data, a 
plurality of multiplication circuits for multiplying the analog signals by multipliers that are shifted and circulated and an 

25 adder for summing the multiplied data up. 

[0004] Recently, a plurality of signals, with transmission rates different from one another, are necessary for multi- 
media communication. Therefore, a spreading ratio is changed: (variable spreading ratio system), or two or more spread 
codes are parallelly used (multi-code system). For these systems, a plurality of matched filters with different number of 
taps are necessary. It makes the circuits size bigger and the power consumption increases. 

30 [0005] The above analog type matched filter proposed by the present inventors uses an inverting amplifier as shown 
in Fig. 12. The inverting amplifier includes an amplifier AMP with high gain > consisting of odd number of serial CMOS 
inverters. The amplifier AMP is connected at its input with a plurality of input capacitances CIT and CI2. A plurality of 
feedback capacitances CfT to Cf6 are connected between the input and output of the amplifier AMP. The feedback 
capacitances Cf1 to Cf6 are connected to the output of the amplifier AMP through switches MUX1 to MUX6 which con- 

35 nect the feedback capacitanecs to the output of the amplifier or to a reference voltage Vref. For, example, the capaci- 
tances Cfl. Cf2, Cf3, Cf4, Cf5 and Cf6 have capacitances proportional to 2°, 2 1 , 2 2 , 2 3 , 2 4 and 2 5 , respectively, so 
various composite capacity can be realized by controlling the switches MUX1 to MUX6. The switches are controlled by 
control signals S1 to S6 through logical OR-gates G1 to G6 which further receive a refresh signal REF. The signals S1 
to S6 are input with inverted to the OR-gate. When the output of the OR-gate is high level, the output of the OR-gates 

40 are low level, then the feedback capacitances are connected to the output of the amplifier AMR When REF is high level 
or the control signals are low level, the output of the OR-gate is high level, then the feedback capacitances are con- 
nected to the reference voltage. The input capacitances CI1 and CI2 are connected at their input to a input refresh 
switch MUXR1, and an amp-refresh switch SWR is connected between the input and output of the amplifier AMR The 
switches MUXR1 and SWR are controlled by the refresh signal REF. When refreshed, the input and output of the ampli- 

45 fier AMP is short-circuited, and CI1 and CI2 are connected to the reference voltage. 

[0006] When it is assumed that the amplifier AMP has an ideal performance of infinite gain, the input of the amplifier 
is Vref, input voltages are VI1 and VI2 for CM to CI2, the output of the amplifier is Vo, the weighted addition in the for- 
mula (1) is performed. 



[0007] In a practical amplifier, the input voltage is not Vref and the gain is finite. When the gain is A, the total effective 
feedback capacitance is CVf, and the total ineffective feedback capacitance is Crf, the output Vol is expressed as 
shown in the formula (2). 
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-VIl.CI\-VI2'CI2 + Vref*(Cn+CI2 + Cf) 
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_ yji » c/1 - VI2 • cI2 + Fre/(C /1 + CI2 + CT/) 
koI = : — 

CT?> - (C/1 + CI 2 + CVf + Clf) 



[0008] As will be understood from the formula (2), the error of the output is mainly influenced by a finite gain-band- 
io width (GB) product. As the capacity of Clf increases, the error becomes bigger. 

Summary of the Invention 

[0009] The present invention has an object to provide a matched filter bank for a plurality of spreading ratios, not only 
is of low power consumption but also of small circuit size. 

[0010] The present invention has another object to provide an inverting amplifying circuit, for a matched filter, which 
is simple, of high accuracy and of quick response. 

[001 1 ] A matched filter bank according to the present invention has a sampling and holding circuit commonly used by 
a plurality of matched filters. 

20 [0012] An inverting amplifier circuits according to the present invention includes a plurality of feedback capacitances 
inputs of which are connected to an input of an amplifier or to a reference voltage for controlling a composite valid feed- 
back capcitanec. The invalid capacitances are disconnected from the input of the amplifier. 

Brief Description of Drawings 
25 ' ' * ' 

[0013] 

Fig. 1 is a block diagram showing a first embodiment of a matched filter bank according to the present invention; 

Fig.2 is a block diagram showing a second embodiment of a matched filter bank according to the present invention; 
30 Fig. 3 is a block diagram showing sampling and holding register in the first embodiment; 

Fig. 4 is a block diagram showing a PN register in the first embodiment; 

Fig. 5 is a block diagram of the PN register to which another multipliers are input; 

Fig. 6 is a block diagram of showing a mask register and an input register; 

Fig. 7 is a block diagram showing a variation of a mask register; 
35 Fig.8 is a block diagram showing a third embodiment of a matched filter; 

Fig. 9 is a block diagram showing an inverting amplifier with a variable gain; 

Fig, 1 0 is a block diagram showing a scaler circuit according to the present invention; 

Fig.1 1 is a graph showing an output characteristics of the circuit of Fig.9 comparing with a conventional circuit; 
Fig.12 is a circuit diagram showing a conventional inverting amplifier with a variable gain; and 
40 Fig. 13 is an equivalent circuit of a practical amplifier. 

Preferred Embodiment - 

[0014] Fig. 1 is a block diagram showing a first embodiment of a matched filter bank according to the present inven- 
ts tion. In this matched filter bank, input signal samples are not shifted by a PN code sequence is shifted as well as circu- 
lated. The matched filter bank is available for correlation of whatever length of coefficient such as PN code sequence 
for despreading. The matched filter bank may include whatever number of matched filters. In this embodiment, there 
are two types of PN code sequences having lengths of 4 chips and 256 chips, respectively, and there two types of 
matched filters corresponding to the respective PN code sequences. 
so [001 5] In Fig.1 , 11 is an analog signal input terminal that receives a base band signal generated from a received sig- 
nal through an antenna. 12 is a sampling and holding unit including a plurality of sampling and holding circuits SH1 to 
SH256 which are commonly connected to the analog signal input terminal. The sampling and holding circuits receives 
the input signal in response to a control signal, shown by "1" and "0 W above the unit 12, for sampling and holding when 
the signal is "1". The control signal is shifted rightwardly every sampling clock CL 
55 [0016]- At first, the control signial for the first stage sampling and holding circuit SH1 is "1" so that the analog input 
signal from the terminal 1 1 is held by SH1 . At the next sampling timing, the control signal for the second sampling and 
holding circuit SH2 becomes "1", and the other control signal are n 0". Thus, the second sampling and holding circuits 
SH2 receives the input signal. The input signals is received by the sampling and holding circuits Sh3, SH4, ... one after 
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another. After the last sampling and holding circuit SH256 receives the analog input signal, the sampling starts from the 
first stage SH1 again. 

[0017] 13 is a first PN code register which stores 256 chips of a first PN code sequence (PN1 to PN256), in this 
embodiment. The PN code register is a circulating shift register which shifts data with circulation in response to a shift 
5 clock CL1 synchronous to the sampling clock CL The data are shifted every sampling timing. 1 4-, to 14256 are multipli- 
cation circuits for multiplying outputs from the total stages of the PN code register 13 and outputs from the total sam- 
pling and holding circuits SH1 to SH256. 

[0018] Since the 256 chips data stored in the stages of the PN code register 13 are usually digital data, the multipli- 
cation circuits 14 1 to 14 256 are analog-digital multiplication circuits each of which multiply the analog input signal by a 

io digital data. Such analog-digital multiplication circuit has already proposed by the inventors of the present invention. 
[001 9] 1 5 is an analog adder for summing outputs from the multiplication circuits 1 4 1 to 1 4 256 . A correlation is output 
of the received signal samples of the number of 256 in the sampling and holding unit 12 with 256 chips PN code 
sequence in the PN code register 13. The analog-digital multiplication circuit proposed by the present inventors is 
advantageous with respect to a electric power consumption and a calculation accuracy. 

75 [0020] After the starting of the operation, the analog signals input to the input terminal 1 1 are successively sampled 
and held by the sampling and holding circuits SH1 to SH256. When 255 sampling clocks are input to the sampling and 
holding unit 1 2, the total 256 sampling and holding circuits SH1 to SH256 are filled with the 256 signal samples. At this 
time, the multiplication circuits 14! to 14 2 s6 multiply the samples (S1 to S256) in the sampling and holding circuits SH1 
to SH256 by the PN codes PN1 to PN256, and a total summation of (PA/1xSl+PA/2xS2+ + PA/256xS256) is cal- 

20 culated. 

[0021] When a pulse of the 257 th sampling clock CL is input to the sampling and holding unit 12, the oldest data in 
the sampling and holding circuit SHI is substituted by a new sample S257. Synchronously to the sampling of the sam- 
ple S257, one shift clock CL1 is input to the PN code register 13 so that the PN code register 13 shift the codes right- 
wardly by one stage. Then, PN256 is held in the first stage, PN1 is held in the second stage, PN2 is held in the third 
25 stage, and generally PNi (i<255) is held in the (i+1)th stage. The adder 1 5 outputs, 

(PA/256xS257+P/V1xS2+ +PA/255xS256). 

Thereafter, analog input signals are sampled successively by the sampling and holding circuits SH2 to SH256 one after 
30 another every inputs of the sampling clock CL, synchronously therewith, the PN code in the PN code register 13 is 
shifted and circulated every inputs of the shift clock CL1 . The correlation results of the input signal samples and the PN 
code sequence are successively outputs from the adder 15. 

[0022] 16 is a second PN code register including 256 stages, which calculates correlation by a periodic PN code 
sequence of a period of 4chips. A 4 chips PN code sequence (PN'1 to PN'4) is repeatedly stored in the PN code register 
35 16. The PN codes PN'1 to PN'4 are stored in the first to the fourth stages, and in the fifth to eighth stages. Similarly, four 
chips PN code sequences are store in every four stages following to the eighth stage. A second shift clock CL2 is input 
to the second PN register which shifts the PN code rghtwardly as well as circulates the PN code. The second shift clock 
CL2 is the same clock as the first shift clock CL1 . 

[0023] 1 7 1 to 1 7 256 are analog-digital multiplication circuits that multiply the PN codes in the PN code register 1 6 and 

40 the input signal samples stored in the sample hold unit 1 2. 

[0024] 18 is a circulation type mask register of 256 stages as shown in the Fig. 1. "1" is stored in continuous four 
stages of the mask register 1 8, and "0" is stored in other stages. These data are shifted rightwardly. In this embodiment, 
"1" is stored in the 253 th to 256 th stages and M 0" is store in the first to the 252 th stages. When the shift clock CL2 is input 
four times to the register 18, "1 " is moved to the first to the fourth stages and other stages are filled with "0 n . 

45 [0025] Outputs of stages of the mask register 1 8 are input to corresponding multiplexers MUX 20! to 20 256 as control 
signals. 

[0026] 1 9 is an input terminal of constant "0" signal for inputting "0" to an analog adder 21 . The multiplexers MUX 20-, 
to 20 255 selectively output outputs of the multiplication circuits 17., to 17 256 or the "0" signal through the terminal 19 in 
response to the control signals of the mask register 18. When the control signal is "1", each multiplexer (20-, to 20 2 5 6 ) 
so outputs the output from the corresponding multiplication circuit (17 1 to 17 256 ), and when "0", each multiplexer outputs 
the "0" signal through the terminal 19. 

[0027] 21 is an analog adder for summing the outputs from the mulatiplexers MUX 20! to 20 256 up so as to output a 
correlation between the four chips PN codes and four samples of the received signal sample. 

[0028] As mentioned above, T is stored in continuous four stages of the mask register 1 8, and the multiplexers (20! 
55 to 20 256 ) corresponding to these stages output the outputs of the corresponding multiplication circuits (17-, to 1 7 256 ) to 
the adder 21 . The multiplexers (20! to 20 256 ) corresponding to the stages storing "0" output signals corresponding the 
"0" signal from the terminal 19. Therefore, the adder 21 outputs the total summation of the outputs of the above four 
multiplication circuits corresponding to the four chips. 
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[0029] When the sampling clock CL is input four times from the beginning, the received signal samples (S1 to S4) are 
stored in the sampling and holding circuits SH1 to SH4 of the sampling and holding unit 12. These samples are multi- 
plied by the PN codes PN'1 to PN'4 that are stored in the first to fourth stages of the PN code register 16, in the multi- 
plication circuits 17-, to 17 4 . The mask register 18 stores "1" in the first to fourth stages and "0" in other stages: The 
5 multiplexers 20., to 20 4 select the corresponding outputs of the multiplication circuits 1 7-j to 1 7 4 , and the other multiplex- 
ers 20 5 to 20 256 select the constant input "0 M through the terminal 19. The adder outputs the total summation 

(S1 • PAT1+S2 • PAT2+S3 • PAT3+S4 • PN'4) . 

10 of the outputs of the multiplication circuits 1 7 1 to 1 7 4 . 

[0030] By the next sampling clock CL, a fifth received signal sample (S5) is stored. Simultaneously, the clock CL2 is 
input once, the PN codes in the registers 16 and 18 are shifted rightwardly by one stage. Then, the outputs of the mul- 
tiplication circuits 17 2 to 17 5 are selected by the mutilplexers 20 2 to 20 5 , the other multiplexes 20-) and 20 6 to 20 256 out- 
put "0". The multiplication circuit 17 2 outputs the multiplication result of the second sample (S2) and the code (PN'1) in 

75 the second stage of the PN code register 16, the multiplication circuit 17 3 outputs the multiplication result of the third 
sample (S3) and the code (PN'2), the multiplication circuit 17 4 outputs the multiplication result of the sample (S4) and 
the code (PN'3), and the multiplication circuit 17 5 outputs the multiplication result of the sample (S5) and the code 
(PN'4). The total summation of these multiplication results is output from the adder 21 . Thereafter, synchronously to the 
clocks CL and CL2, the correlation outputs between the received signal samples and the 4 chips PN codes PNM'1 to 

20 PN'4 are output from the adder 21 similarly to the above. After the 256 th sampling dock CL and the sampling and hold- 
ing circuit SH256 stores the 256 th signal sample, a 257 th signal sample (S257) is stored in the first sampling and holding 
circuit SH1 in response to the 257 th sampling clock CL, and a correlation is output from the adder 21 . 
[0031 ] By means of the sampling and holding unit 1 2, the PN code register 1 6, the multiplication circuits 1 7-, to 1 7 256 , 
multiplexers 20-| to 20 256 and the adder 21 , the correlation output of four chips can be obtained. 

25 [0032] As mentioned above, in the first embodiment, the sampling and holding unit 12 is commonly used by the 
matched filters of 256 chips and 4 chips. The circuit size is smaller than a matched filter bank having independent sam- 
pling and holding units corresponding to the total matched filters..- The electrical power consumption is decreased. 
[0033] The samples of the input analog signal are not shifted in the sampling and holding unit, but the digital PN codes 
are shifted with circulation, a transfer error of the samples is reduced. 

30 [0034] However, the first embodiment is applied to two chips spreading ratios of 256 chips and 4chips, three or more 
spreading for example* 256 chips, 128 chips, 64 chips, 32 chips, 16 chips; 8 Chips and 4 Chips etc. can be processed 
by one common sampling and holding unit. There are seven matched filters connected to the common sampling and 
holding unit. The more the matched filters are connected to one common sampling and holding unit, the less the circuit 
size becomes relative to the number of matched filters. 

35 [0035] The stages of the PN code register is 256 in the above embodiment, however, the number of stages can be 
changed according to the number of chips of the PN code sequence. - 

[0036] A second embodiment of the matched filter bank is described with reference to Fig.2. The second embodiment 
is different from the first embodiment only in that the sampling and holding unit 1 2 is substituted by a sampling shift reg- 
ister 32 which is commonly used for a plurality of PN code sequences. Two PN code sequences of 256 chips and 4 

40 chips are described similar to the first embodiment. 

[0037] In Fig.2, 31 is an analog signal input terminal, and 32 is a sampling shift register consisting of a plurality of 
stages SH1 to SH256. The sampling shift register 32 samples an analog signal input from the input terminal 31 and 
shifts the sampled data from leading stage to trailing stage. 33 is a first PN code register which stores 256 chips of a 
first PN code sequence (PN1 to PN256), in this embodiment. 34 1 to 34256 are multiplication circuits for multiplying out- 

45 puts from the total stages of the shift register 32 by the PN code (PN1 to PN256) in the PN code register 33. Since the 
data sampled by and output from the stages of the sampling shift register 32 are analog data, and the PN codes (PN1 
to PN256) stored in the stages of the sampling shift register 32 are digital data, the multiplication circuits 34 n to 34 256 
are analog-digital multiplication circuits each of which multiply the analog input signal by a digital data. 
[0038] 35 is an analog adder for summing outputs from the multiplication circuits 34-j to 34 256 up. A correlation is out- 

so put from the adder 35, of the received signal samples of the number of 256 in the sampling shift register 32 with 256 
-chips PN code sequence in the PN code register 33. 
[0039] The analog signals input to the input terminal 1 1 are successively sampled by the first stage sampling and 
holding circuit SH1 and transferred toward the last stage in response to the sampling clock CL. When 256 sampling 
clocks are input to the sampling shift register 32, the first sampled signal (S1) is stored in the 256 th last stage SH256. 

55 At this time, the 256 th input signal sample is multiplied in the multiplication circuit 34-) by the 256 th PN code PN256 
stored in the first stage of the register 33. In the multiplication circuits 34^, 255 th input signal sample S255 is multiplied 
by the 255 th PN code PN255. Similarly, the first sample S1 is multiplied by the first PN code PN1 . The adder 35 outputs 
the correlation, as follows: 
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(PA/1xSl+PA/2xS2+...;.+P/V256xS256) 

[0040] When a pulse of the 257 th sampling clock CL is input to the sampling shift register 32, the 257 th sample S257 
is stored in the first stage of the sampling shift register 32, and the second sample is stored in the last stage SH256. 
5 The adder 15 outputs, 

(PA/1xS2+PA/2xS3+ + PA/256xS257). 

Thereafter, the correlation results of the samples of the input signal through the input terminal 31 and the PN code 

io sequence are successively outputs from the adder 35. 

[0041] 36 is a second PN code register including 256 stages, similar to that in the first PN code register 33. In this 
embodiment, PN code sequence of a period of 4 chips is stored in the second PN code register 36. The PN codes PN'1 
to PN'4 are stored in the fourth to the first stages, in this order, and "0" is stored in the other stages including the fifth 
stage. 37 1 to 37 256 are analog-digital multiplication circuits that multiply the PN codes in the second PN code register 

15 36 and the input signal samples stored in the sample hold circuits SH1 to SH256. 

[0042] 38 is a circulation type mask register of 256 stages; Outputs from the total stages of the mask register 38 are 
selection control signals for multiplexers 40 1 to 40 2 56. "1" is stored in the first to fourth stages in the mask register 38, 
and "0" is stored in the fifth to 256 th stages. 39 is an input terminal of constant "0" signal for inputting "0". The multiplex- 
ers MUX 40-j to 40 2 56 selectively output outputs of the multiplication circuits 37-j to 37 256 or the "0" signal through the 

20 terminal 39 in. response to the control signals of the mask register 38. When the control signal is "1 ", each multiplexer 
(40 1 to 40 256 ) outputs the output from the corresponding multiplication. circuit (37-, to 37 256 ), and when "0", each multi- 
plexer outputs the "0 n signal through the terminal 39. 41 is an analog adder for summing the outputs from the multi- 
plexers MUX 40i to 40 2 56 up. 

[0043] When the sampling clock CL is started to be input to the analog shift register 32, the analog signals from the 

25 input terminal 31 are successively sampled and held by the sampling and holding circuits SH1 , and are shifted toward 
the last stage. When the sampling clock CL is input four times, the input signal samples S1. S2. S3 and S4 are stored 
in the sampling and holding circuits SH4. SH3, SH2 and SH1 , respectively. At this time, the multiplication circuits 37 4 to 
37 1 output PN ? 1xS1. PN'2xS2, PN'3xS3and PN'4xS4, and the multiplication circuits 37 5 to 37 256 output "0" because 
data in the corresponding stages of the PN code register 36. As mentioned above, "1" is stored in the first and fourth 

30 stages in the mask register 38 and "0" is stored in stages from the fifth to the last The multiplexers 40-| to 40* select the 
outputs from the corresponding multiplication circuits 37 1 to 37 4 , and the other multiplexers 40 5 to 40 256 output signals 
corresponding to "0" from the "0" signal input terminal 39. Multiplication results of the multiplication circuits 371 to 374 
and (256-4) "CTs from the "0" signal input terminal 39 are input to the adder 41 , and a total summation of multiplication 
results (PA/'1xSl+PA/ , 2xS2+PA/'3xS3+PA/ , 4xS4) is output. 

35 [0044] When a pulse of the fifth sampling clock CL is input to the sampling and holding unit 32, a fifth input signal 
sample S5 is stored in the sampling. and holding circuit SH1. S4 in SH2, S3 in SH3, S2 in SH4 and S1 in SH5. At this 
time, the multiplication circuit 37 1 calculates PN'4xS5, the multiplication circuit 37 2 calculates PN'3xS4, the multiplica- 
tion circuit 37 3 calculates PN*2xS3, the multiplication circuit 37 4 calculates PN'1xS2. The calculation results of the mul- 
tiplication circuits 37 5 to 37 256 are "0" because the data corresponding to these multiplication circuits are "0". Thus, the 

40 adder 41 outputs ( PAT1 xS2+P/V'2xS3+PA/'3xS4+P/V , 4xS5 ). Thereafter, the adder 41 outputs correlation output of 
input signal samples and the second PN code sequence having a period of 4 chips. 

[0045] As mentioned above, the analog sampling shift register 32 is commonly used by the matched filters of 256 
chips and 4 chips: 

[0046] When the PN code has other periods of "m" chips than 4 chips, PN code PN'm to PN'1 are stored in the first 
4$ to the m th stages, and "0" is stored in the other stages including the fifth stage. "1 " is stored in the first to the m th stages 

and "0" in the other stages of the mask register 38. Therefore, any periods of PN code are available. The stages of the 

PN code register is 256 in the above embodiment, however, whatever number of stages can be applied. 

[0047] In the above embodiment, the analog shift register 32 is used, which shift the input signal samples as analog 

signals, however, it is also possible to convert the input signal samples into digital data and shift the digital data. In this 
so case, the multiplication is digital by digital. The multiplication circuits 34-, to 342 56 are digital multiplication circuits. The 

outputs of the multiplication circuits 37 1 to 37 256 are input through the muttiplexers 40-, to 40 256 , which are controlled by 

the mask register 38, to the adder 41 . 

[0048] Fig. 3 shows a sampling and holding register SHR as a sampling and holding control circuit for the sampling 
and holding unit in Fig. 1 . The sampling and holding register SHR is a circulation shift register similar to the sampling 
55 and holding circuit for storing one "1 " and 255 "0 n s. The data are shifted and circulated synchronously to the sampling 
and holding timing. The data "1" is the control signal for sampling. 

[0049] In Fig.4, an input PN register INP-REG of same number of stages as the PN code register 1 3 is connected to 
the PN code register 13 (Fig. 1) at the corresponding stages. The input PN register INP-REG is a shift register for trans- 
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ferring the coefficient data PNi toward the last stage. When a correlation is calculated by a PN code at a symbol period, 
the next PN code sequence of the next symbol period is input to the input PN register INP-REG which is transferred to 
the PN code register just before the next symbol period. The PN code is quickly loaded by the preparation in the input 
PN register. It is particularly effective for successive loading of long code by one symbol period. Fig.3 shows a status 

s just after the transfer that the same data is stored in PN code register as the data in the input PN register. The clock 
input can be set independently from the sampling clock, so a quick data input is also possible. 
[0050] Fig.5 shows a variation of the input PN register consisting of a plurality of parallel latches. The data are paral- 
lelly input to these latches, and any of the latches receives the data in response to the clock signals CK1 to CK256. The 
receiving is controlled by the data "1 " or "0" in the sampling and holding register of the sampling and holding taps. When 

10 "r , data is received, when "0", data is not received. In Fif.5, 4 data is used. When the first tap of the sampling and hold- 
ing register SHR stored "1" and the other taps store "O", the input of at the first chip is input to the first tap of the INP- 
REG. At the fourth clock, the fourth tap of SHR becomes "1 ** and the other taps become "0". The fourth tap input is input 
to the fourth tap of the INP-REG. The addition is performed for four samples according to the control of the mask reg- 
ister in Fig. 1, other data may be infinite. 

is [0051] In Fig. 6, an input mask register INM-REG of same number of stages as the mask register 18 is connected to 
the mask register 1 8 (Fig. 1 ) at the corresponding stages. The input mask register INM-REG is a shift register for trans- 
ferring control signals GNTi from the first stage toward the last stage. When the addition is controlled by the mask reg- 
ister 18 at a symbol period, the next control signals of the next symbol period is input to the input mask register INM- 
REG which is transferred to the mask register just before the next symbol period. The control signals are quickly loaded 

20 by the preparation in the input mask register. The clock input to the input mask register can be set independently from 
the sampling clock CL, so a quick data input is also possible. 

[0052] Fig.7 shows a variation of the input mask register (Fig.6) consisting of a plurality of parallel latches. The control 
signal input lines are parallelly connected to stages of the input mask register, each latch tap receives the data in 
response to the control signal of the sampling and holding register SHR. When the addition is controlled by the mask 
25 register 1 8 at a symbol period, the next control signals of the next symbol period is input to the input mask register INM- 
REG which is transferred to the mask register just before the next symbol period. The control signals are quickly loaded 
at any timing by the preparation in the input mask register. Fig.6 shows a status just after the transfer of the control sig- 
nal that the same data is stored in the mask register as the data in the input mask register. 

[0053] Fig.8 shows a third embodiment of the matched filter circuit in which one adder 1 5 is commonly used for proc- 
30 esses by a plurality of PN code registers 1 3 and 1 6, differently from the circuit in Fig. 1 . The outputs from multiplication 
circuits 14 1 to 14256 and the outputs from multiplication circuits 17-, to 17 256 are input to a multiplexer MUX7 which 
selectively outputs the outputs from the multiplication circuits 14 1 to 14 256 or 17 1 to 17 256 to an adder 15. Therefore, 
one adder can be commonly used for a plurality of multiplication results and the circuit size becomes small. The more 
the number of multiplication circuits selected, the smaller the circuit size becomes with respect to the total function. 
35 However, the number of selectable multiplication circuits are limited for outputting the total multiplication results within 
one tip time because the matched filter output must be obtained at the same timing. 

[0054] An output of the adder 15 is input to a selector SEL7 outputs of which are connected to analog registers 
REG71 and REG72 corresponding to the groups of multiplication circuits 14 1 to 14 256 and 17-, to 17 256 . The selector 
1 7 inputs the outputs from the multiplication circuits 1 4-, to 1 4 25 e to the register REG71 , and inputs the outputs from the 
40 multiplication circuits 17 n to 17 25$ to the register REG72. The multiplication results are held and are available at rather 
redundant timing as matched filter outputs MF71out and MF72out. 

[0055] In the above embodiments, the PN code sequences have different code lengths, however, the matched filter 
bank according to the present invention is applicable to different PN code sequences of the same length. 
[0056] Any other calculation of a plurality of correlation results, than the despreading for DS-CDMA communication 
45 system, can be performed by the matched filter bank above. 

[0057] The matched filter bank above is a real number type, however, it is readily applicable to complex number type. 
[0058] Next, an embodiment of an inverting amplifier circuit used in the multiplication circuits of the matched filter bank 
above is described with reference to Fig. 9. 

[0059] In Fig. 9, the inverting amplifier circuit is variable in its gain, that includes input capacitances CM and CI2 for 
so receiving input voltages VI1 and VI2, respectively. Outputs of the capacitances CM and CI2 are commonly connected 
to an input of an amplifier AMP. The amplifier AMP is an inverting amplifier consisting of an operational amplifier con- 
nected at an inverting input with the capacitances CM and CI2, of a serial circuit of odd number of CMOS inverters or 
of any other circuits of inverting amplifier. A plurality feedback capcitances Cf 1 to Cf6 are connected between input and 
output of the amplifier AMP, outputs of which are commonly connected to a refresh switch MUXRO. Inputs of the feed- 
55 back caapcitances Cf 1 to Cf6 are connected to feedback multiplexers MUX1 to MUX6, respectively, for connecting the 
feedback capacitances Cf1 to Cf6 to the input of the amplifier AMP or a reference voltage Vref. An amplifier refresh 
switch SWR is connected between the input and the output of the amplifier AMP for short-circuiting the input and output 
of the amplifier AMP. A refresh switch MUXR1 is connected to the inputs of the input capacitances CI1 and CI2 for 
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selecting the input voltages VI1 and VI2 or the reference voltage Vref. Vref is selected when refreshing. The multiplex- 
ers MUX1 to MUX6 are switched in response to control signals S1 to S6 for controlling the validity of the feedback 
capacitances Cf1 to Cf6. The inputs of the feedback capacitances Cf1 to Cf6 are disconnected from the floating node 
of the amplifier and connected to the reference voltage Vref, when invalidated: The invalid feedback capacitances have 
no influence to the input (floating node) of the amplifier AMP. 

[0060] The refresh switch MUXRO is connected to the reference voltage Vref and the refresh switch is closed, when 
refreshing. The refresh switch MUXRI connects the reference voltage to the capacitances CI1 and CI2. An output per- 
formance of this embodiment is obtained, similarly to the formula (1), as in the formula (3). 



V02 = 



-VII « C/l -P72t C/2 (G/l +C/2 + CVf) 

CVf + -(CI\ + CI2 + CVf) 
A 



(3) 



[0061] As will be understood from the formula (49, the composite capacity C If of the invalid feedback capacitances 
disappears and the output accuracy is much improved. This is caused by disconnection of the invalid capacitances from 
the floating node. The invalid feedback capacitances are kept connected with the output of the amplifier AMP, differently 
from the conventional amplifier. As shown in Fig. 13, a practical amplifier is deemed as a circuit consisting of an ideal 
amplifier I AMP and a resistance Ro as an output impedance connected to an output of I AMP. When a load capacitance 
is CL, a relationship between the input VAI and the output VAOI1 is as in the formula (4). 



25 



VAOl = 



VO\«Go + VAI *s*CVf 
Go + s^CL + s^CVf 



(4) 



In the formula (4), "s" is the operator of Laplace-Transformation. As for Fig.9, a similar formula is obtained when the 
30 input and output are VAI' and VA02. respectively. 



35 



VA02 = 



V02 • Go + VAI»s • CVf +V REF »s*CIf 



Go + s»CL+s»Cf + s»CIf 

A formula (6) is obtained from the formula (4) and (5). 



(5) 



40 



1- 



VAOl 



VOX 



1- 



VAOI 



VOl 



n rai V ° 2 , 

0 ^ fz < <1 

vo vo 



(6) 



Therefore, the circuit in Fig.9 has less errors than the conventional circuit. Since the refresh switches provided in the 
45 conventional circuit (Fig. 12) are unnecessary, the circuit size becomes small. 

[0062] When the gain of the circuit in Fig.9 is expressed by a finite gain-bandwidth ( GB) product, a settling time of 
the circuit is as in the formula (7). 

A(s) = ^ (7) 



The formulae (2) and (3) are substituted by the formula (7), and the formulae (8) and (9) are obtained. 
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VOl = 



CVf CVf 



+ Vref • 



(cn + m + cvf) 

CVf 



1 + s* 



cn+cn+cvf+cif 

CVf»GB 



(8) 



10 



15 



V02 = 



CVf CVf CVf 



1 + s» 



cn+cn + cvf 

CVf • GB 



(9) 



The settling time x of indicial response is expressed by a rise time t P an output voltage delay and a slew rate SR, as in 
the formula (1 0). 



so 



T = ■ 



&Vo 
SR 



+ T r =T d +T r 



(10) 



25 Here, i r is a delay time due to SR. When a phase compensation capacity is Cp and the maximum supply current is io, 
SR is given by the formula (1 1). 



SR = - 



Io 



30 



Cp + CL 



\0~ 6 IV/p. sec] 



(11) 



The first term of the right side in the formula (10) is a constant. A first order transfer function H(s) is as in the formula 
(12). 



35 



H{s) = 



1 



l + spl 



(1 2) 



40 



The rise timer T r is approximately equal to p1 in the formula (12), as shown in the formula (13). 

T f -p1 



(13) 



45 Comparing the formulae (8), (9) and (10), it will be understood that the rise time t r can be evaluated from comparison 
of the operator "s" in the formulae (8) and (9). 

[0063] Parameters are set as in the Table 1 and the settling time is calculated. 



so 



Table 1 



55 



Parameters 


Amplifier No. 


GB 


Io 


Clf 


CVf 


Cp 


CI1 +CI2 


CL 


S35AMP41 


40.35 MHz 


120 |aA 


1.8 pF 


0.6 pF 


0.2p F 


2.4 pF 


0.5 pF 



When delay times x d1 , T d2 and rise times t r1 , are assumed, the formulae (14) to (18) are obtained. 
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AVol Cp + CL- 0.7 xlO" 12 r n 

r wl = = — = - = 5.83 n s e c 

" SR Io 120 xlO' 6 



(1 4) 



AVol Cp + CL + CIf 2.5x10 12 „ n M r - , * 

70 r^ 2 = — — = - = - = 20.83 [nsec] (15) 

SR Io 120 xlO -6 

Cl\ + CI2 + CVf + CIf 4!8 r n ■ , 

r. = =^ — = - = 198.26 [nsec] (16) 

75 rl CVfmGB 0.6 x 40.35 xlO 6 

CI\+CI2 + CVf 3 r - _ 

r r2 = — — — — ^ = - = 123.92 [nsec] (17) 

20 r2 CVf^GB 0.6 x 40.35 xlO 6 

The settling times x r1 , are obtained as in the formulae (1 8) and (19). 
25 t t = t d1 + t r1 = 5.83 + 198.26 = 204.09 [nsec] (18) 

T 2 = T rf2 + T r2 ■ 20 83 + 123.92 = 144.75 [nsec] (19) 

The settling time t 2 becomes shorter relative to the conventional settling time x 1( as the composite capacity of the 
30 invalid capacitances increases. This is expressed by the formula (20). 

C//T=^ At = i 1 - t 2 T (20) 

[0064] Hg.1 1 is a graph showing a transient response of the embodiment and the conventional circuit. Output volt- 
35 ages of the embodiment are shown by a solid line (Vo2) and a broken line (Vol), output voltages of the conventional 
circuit are shown by a short broken line (Vo4) and a dotted line (Vo3). The output voltages Vol and Vo3 correspond to 
the composite capacity of the input capacitances of four unit capacitances and to the composite valid feedback capacity 
of four unit capacitances. The output voltages Vo2 and Vo4 correspond to the composite capacity of the input capaci- 
tances of eight unit capacitances and to the composite valid feedback capacity of eight unit capacitances. A one dot 
40 broken line (VI) is an input voltage and REF is a refresh period. The input voltage is maximum voltage, and the refresh 
period belong to a period of the maximum voltage. The settling times of Vol and Vo2 are shorter than those of Vo3 and 
Vo4, respectively. 

[0065] Fig. 10 is a scaler circuit based on the circuit in Fig.9. The scaler circuit has input capacitances which are var- 
iable in the valid composite capacity so that a wide range gain change is possible. The same references are given to 

45 the similar components in Fig. 10 to those in Fig.9. 

[0066] In Fig.1 0, a plurality of input capacitances CI1 to CI6 are commonly connected to an input voltage VI through 
a refresh switch MUXRI. The refresh switch MUXR1 connects the inputs of the input capacitances CI1 to CI6 to the ref- 
erence voltage Vref when refreshing, otherwise to the input voltage VI. Outputs of the input capacitances are connected 
to multiplexers MUX11 to MUX16, respectively, these multiplexers MUX1 1 to MUX16 are connected to an input of the 

so amplifier AMP or the reference voltage Vref. 

[0067] The multiplexers MUX1 1 to MUX16 are switched in response to control signals S1 1 to S16 for controlling the 
validity of the input capacitances CI1 to CI6. The outputs of the input capacitances C11 to CI6 are disconnected from 
the floating node of the amplifier and connected to the reference voltage Vref, when invalidated. The invalid feedback 
capacitances have no influence to the input (floating node) of the amplifier AMP. Similarly to the circuit in Fig.9. a plu- 

55 rality of feedback capacitances Cf 1 1 to Cf 16 are connected between input and output of the amplifier AMP, outputs of 
which are commonly connected to a refresh switch MUXRO. Inputs of the feedback capcitances Cf1 to Cf6 are con- 
nected to feedback multiplexers MUX21 to MUX26, respectively, for connecting the feedback capacitances Cf1 to Cf6 
to the input of the amplifier AMP or a reference voltage Vref. An amplifier refresh switch SWR is connected between the 



1SDOCID: <EP 0936748A2J_> 



10 



10 



15 



40 



55 



EP 0 936 748 A2 

input and the output of the amplifier AMP for short-circuiting the input and output of the amplifier AMR A refresh switch 
MUXR1 is connected to the inputs of the input capacitances CM and CI2 for selecting the input voltages VII and VI2 or 
the reference voltage Vref. Vref is selected when refreshing. The multiplexers MUX21 to MUX26 are switched in 
response to control signals S21 to S26 for controlling the validity of the feedback capacitances Cf1 to Cf6. The inputs 
of the feedback capacitances Cf 1 to Cf6 are disconnected from the floating node of the amplifier and connected to the 
reference voltage Vref, when invalidated. The invalid feedback capacitances have no influence to the input (floating 
node) of the amplifier AMP. When a composite capacity of input valid capacitances is CVI and a composite capacity of 
input invalid capacitances is Cll, an output voltage VO of the scaler circuit is given by the formula (21). 

JV -VI <cvi ^v^ *(CVI + cv/) (21) 

CVf + -{CVI + CVf) 
A 



The scaler circuit above is accurate and of high speed similarly to the circuit in Fig.9. 

[0068] The amplifier AMP is an inverting amplifier consisting of an operational amplifier connected at an inverting 
input with the capacitances, of a serial circuit of odd number of CMOS inverters or of any other circuits of inverting 
amplifier. 

20 [0069] In addition to the above embodiments, a circuit which is variable only in the composite input capacitance, and 
feedback capacitance is fixed. 

[0070] The inverting amplifier of variable gain can be used not only for the matched filters above but also any other 
circuits using an inverting amplifier. 

25 Claims 

1 . A matched filter bank comprising: 

a sampling and holding unit for sampling and holding successive input signals of a number of "m" (m: integer 
30 not less than 2); 

a plurality of PN code registers of a number of "n" (n: integer not less than 2), each said PN code register 
including a plurality of stages of number of "m" for storing coefficient data, each said PN code register being a 
shift register with circulation; 

a plurality of groups of multiplication circuits of said number of "n" corresponding to said PN code registers, 
35 each said group including a plurality of multiplication circuits of said number of "m" corresponding to said 

stages of each said PN code register, each said multiplication circuit multiplying an output of one of said sam- 
pling and holding circuit and an output of one of said PN code register; and 

one or more adders for adding selectively outputs of said multiplication circuits of a number corresponding to 
a length of said coefficient data. 



2. A matched filter bank as claimed in Claim 1 , further comprising: 



a mask register of "m" stages which stores control signals for selecting said outputs of said multiplication cir- 
cuits corresponding to said length of said coefficient data; and 
45 a plurality of multiplexers of said number of "m" corresponding to said multiplication circuits of said number of 

"nrf , each said multiplexer selectively outputting said output of said corresponding multiplication circuit or "0", 
whereby said outputs from said multiplication circuits are selectively added corresponding to said length of said 
coefficient data. 

so 3. A matched filter bank as claimed in Claim 1 , said sampling and holding unit comprising a plurality of sampling and 
holding circuits of said number of "m". 

4. A matched filter bank as claimed in Claim 1 1 wherein said sampling and holding unit is a sampling shift register of 
a plurality of stages of said number of "m H . 



5. A matched filter bank as claimed in Claim 1 , further comprising: 

a mask register of "m" stages which stores control signals for selecting said outputs of said multiplication cir- 
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curts corresponding to said length of said coefficient data; and 

a multiplexer which selectively outputs one or more of said outputs among said "m" number of multiplication 
outputs to said adder according to said control signals in said mask register. 

5 6. A matched filter bank as claimed in Claim 1 , further comprising an input PN code register corresponding to one or 
more of said PN code registers, each of which stores said coefficient data to be stored in said PN code registers in 
a next symbol period, and transfers said coefficient data parallelly to said corresponding PN code registers just 
before said next symbol period. 

io 7. A matched filter bank as claimed in Claim 1 ', further comprising an input mask register corresponding to said mask 
register, which stores said control signals to be stored in said mask register in a next symbol period, and transfers 
said control signals parallelly to said mask register just before said next symbol period. 

8. A matched filter bank as claimed in Claim 6, said input PN register comprising a plurality stages parallel latched of 
15 said number of "rrf . 

9. A matched filter bank as ciaimed in Claim 7, said input mask register comprising a plurality stages parallel latched 
of said number of "m". 

20 10. A matched filter bank as claimed in Claim 1, further comprising a sampling and holding control circuit which con- 
trols said sampling and holding unit. 

1 1 . A matched filter bank as claimed in Claims 6 and 1 0, wherein said sampling and holding control circuit controls said 
input PN code register so that said coefficient data is input to said input PN code register synchronously to a timing 

25 when said sampling and holding unit samples and holds said input signal. 

1 2. A matched filter bank as claimed in Claims 7 and 1 0. wherein said sampling and holding control circuit controls said 
input mask register so that said control signals are input to said input mask register synchronously to a timing when 
said sampling and holding unit samples and holds said input signal. 

30 

1 3. A matched filter bank as claimed in Claim 1 , wherein a number of said adders is said number "n" corresponding to 
said "n" number of said groups of said multiplication circuits, and each said adder adds said outputs of said corre- 
sponding multiplication circuit of a number corresponding a length of said coefficient data from "rrf number of said 
outputs of said corresponding multiplication circuit. 

35 

14. A matched filter bank as claimed in Claim 1, wherein a number of said adders is one, which is connected to said 
total groups of multiplication circuits through a multiplexer which selectively connects one of said groups to said 
adder in a time sharing manner. 

40 15. A matched filter bank as claimed in Claim 1 , further comprising a a plurality of registers corresponding to said 
groups multiplication circuits, and a selector for connecting said output of said adder to one of said registers selec- 
tively. 

16. A matched filter bank as ciaimed in Claim 1 , each said multiplication circuit comprising: 

45 

one or more of input capacitances having inputs and outputs which are connected at their input to an input volt- 
age; 

an inverting amplifier having input and output which is connected at its input to said outputs of said input capa- 
sitances; 

50 , one or more of feedback capacitances having inputs and outputs which are connected at their outputs to said 

output of said inverting amplifier; and 

one or more of switched for connecting said outputs of one or more of said input capacitances, or said inputs 
of one or more of said feedback capacitances to said input of said inverting amplifier or to a reference voltage. 

55 1 7. A matched filter bank as claimed in Claim 1 6, wherein a plurality of said input capacitances are provided, and said 
switches are a plurality of input switches corresponding to said input capacitances, each said input switch connect- 
ing said output of said corresponding input capacitance to said input of said inverting amplifier or to a reference volt- 
age. 
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18. A matched filter bank as claimed in Claim 16, wherein a plurality of said feedback capacitances are provided, and 
said switches are a plurality of feedback switches corresponding to said feedback capacitances, each said feed- 
back switch connecting said input of said corresponding feedback capacitance to said input of said inverting ampli- 
fier or to a reference voltage. 
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Fig. 8 



1 3 
J 


Y 


PN-code register 




PN-code register 



1 2 



a plurality of sampling and holding circuits 




4, 14 



2 66 



MUX 7 



<g> ® — ® 

1 V, |7,|7 a 17| t6 , 



1 5 



SEL7 



REG7 1 



MF 7 1 o u t 



REG7 2 



MF 7 2 out 



18 



EP 0 936 748 A2 



Fig.9 
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Fig. 10 
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Fig. 12 Prior Art 
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(54) Matched filter bank CDMA communication 

(57) A matched filter bank including a plurality of 
matched filters and a sampling and holding units com- 
monly used by the total matched filters. Therefore, the 
circuit size is diminished. 

An inverting amplifier for the matched filter with a 
variable gain includes an input capacitance, an inverting 
amplifier connected to an output of the input capaci- 
tance, and a plurality of feedback capacitances connect- 



ed between an input and output of the inverting amplifier. 
A plurality of switches are connected to input side of the 
feedback capacitances for alternatively connecting the 
feedback capcitanec to the input of the inverting ampli- 
fier or a reference voltage. The feedback capacitances 
connected to the reference voltage are invalid with re- 
spect to a composite capacitance of the feedback ca- 
pacitance and have no influence to the amplifier. 
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